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Abstract 
Like single-input single-output orthogonal frequency division multiplexing (SISO-OFDM), multi-input multi-output (MIMO) 
OFDM systems also suffer from the problem of high peak to average power ratio (PAPR). To account for this issue, amplitude 
clipping is one of the simplest techniques employed to reduce PAPR. However, it leads to additional distortion. In this paper, 
adaptive clipping technique is proposed to reduce PAPR of Alamouti coded MIMO-OFDM systems. In this scheme, successive 
peaks are clipped according to an adaptive algorithm. Simulation results reveal that the proposed clipping technique provides 
effective reduction in PAPR and better bit error rate (BER) performance. BER performance and PAPR reduction capability of the 
proposed algorithm in MIMO-OFDM systems are also compared with SISO-OFDM systems. Power spectral density (PSD) for 
conventionally clipped, adaptively clipped, and normal SISO-OFDM systems is analyzed and plotted. It can be revealed from the 
PSD plot that the spectral spreading due to the proposed scheme is less than the conventional clipping scheme. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of ICACC 2016. 
Keywords: Clipping;OFDM; peak to average power ratio (PAPR);space-time and space-frequency block code(STBC/SFBC); complementary 
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1. Introduction 
Multi-input multi-output (MIMO) systems in combination with orthogonal frequency division multiplexing 
(OFDM) have drawn significant attention for the next generation broadband multimedia applications due to their 
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potential of providing high data rate, robustness to fading channels and reliable communication. MIMO-OFDM has 
been adopted in various wireless communication standards, such as IEEE 802.11a/g, wireless metropolitan area 
networks (WMANs), worldwide interoperability for microwave access (WiMAX), and 3GPP Long Term Evolution 
(LTE)1. Also it acts as an air interface for various 4G and 5G standards2. However, MIMO-OFDM systems 
encounters problem of high peak to average power ratio (PAPR) that results in non-linear distortion of the 
transmitted signal at high power amplifier. 
Numerous methods have been proposed for reduction of PAPR in OFDM systems such as clipping3,6,7, partial 
transmit sequences (PTS)4,6,7, selective mapping (SLM)5-7, tone reservation, etc. A number of research papers have 
also been introduced on PAPR reduction in MIMO-OFDM systems8-12. Among all these PAPR reduction methods, 
clipping seems to be the simplest scheme. However, it suffers from in-band and out-of-band distortion that degrades 
the performance of system. To cope with this problem, an adaptive clipping technique13 is suggested for SISO-
OFDM systems.  
In this paper, the adaptive clipping algorithm is extended to space time block coded (STBC) MIMO-OFDM 
systems to reduce the PAPR. To examine the reduction in PAPR obtained by the present scheme, complementary 
cumulative distribution function (CCDF) is evaluated. The reduction in the value of CCDF indicates the reduction in 
the PAPR. The BER performance and CCDF for MIMO-OFDM as well as single-input single-output (SISO) OFDM 
systems for the conventional clipping and proposed method are analyzed and compared. Simulation results reveal 
that the adaptive clipping technique outperforms the conventional clipping technique on the basis of BER 
improvement and significant PAPR reduction. To view the effect of clipping on the power of side lobes, the power 
spectral density (PSD) of standard OFDM system, OFDM with conventional clipping and OFDM with adaptive 
clipping is plotted. It is clear from the simulation results, that the spectral spreading is less in case of proposed 
clipping scheme as compared to the conventional clipping scheme. 
The remainder of this paper is organized as follows. Brief description of Alamouti MIMO-OFDM systems, 
channel model and PAPR definition is included in Section 2. In Section 3, Adaptive clipping technique is applied to 
MIMO-OFDM. Simulation results are investigated in section 4. The concluding remarks are made in section 5. 
2. System Description and PAPR in Alamouti MIMO-OFDM Systems 
2.1.  Alamouti MIMO-OFDM Systems 
The most widely used transmit diversity technique was first introduced by Alamouti14. K. F. Lee and D. 
Williams proposed STBC-OFDM over frequency selective fading channels15. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Basic schematic of two branch STBC-OFDM System. 
In SISO-OFDM, an input data block of length N [ (0) (1) (2) ( 1)]TX X X X N  X  where N is the number of 
subcarriers and ( )X k  are QAM or PSK modulated symbols, is passed through IFFT block, thus generating discrete 
time domain SISO-OFDM signal [ (0) (1) (2)... ( 1)]Tx x x x N x  where ( )x n is expressed as 
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To study the PAPR, Alamouti coded MIMO-OFDM system is considered with two transmit antennas and single 
receive antenna. The basic schematic of two branch STBC-OFDM system is shown in Fig.1. Here the input data 
block is STBC encoded into two data vectors. At the output of serial to parallel convertor, consider consecutive 
symbol vectors in pair at one instant. Out of the pair, say first vector be odd vector
oX and say the second one to be 
the even vector eX . Let say oX is the J
th block and eX is the (J+1)
th block of data symbol vector and they are 
represented by 
 
  [ ( ) ( 1) ( 1)]To X JN X JN X JN N    X                  (2) 
  [ ( ) ( 1) ( 2 1)]Te X JN N X JN N X JN N      X               (3) 
The vector 
oX  is sent during first time interval and
*
e-X  during second time interval by the first transmit antenna. 
The second transmit antenna transmits eX  in first time interval and 
*
oX in the second time interval. Thus the 
transmission matrix containing STBC encoded OFDM symbol vectors is represented by 
 
  
        
      
o e
e o
 
ª º « »¬ ¼
x x
G
x x
                                                   (4) 
where   denotes the conjugate operation, ox and ex are the IDFTs of oX and eX respectively. 
    A tapped-delay line channel model is used for discrete multipath channel16.  The impulse response of the time 
invariant channel is given as 
 
1
0
( )  ( )l
L
j
l l
l
h e TW D G W W 
 
 ¦                             (5) 
where 2l c lfT S W , l is the number of multipath, lD  represents the channel path gains, cf  denotes the carrier 
frequency and lW are the delays. 
    Now 1h  and 2h  are the channel impulse responses between transmit antenna 1 and 2. Let say 1H  and 2H  are 
diagonal matrix with diagonal elements as DFT of 1h and 2h respectively. Also the channel impulse response 
remains constant during the two time intervals. The demodulated vectors during first and second signalling interval 
are given by 
 
1 1 0 2 e 1Y = H X + H X + N                         (6) 
* *
2 1 e 2 o 2Y = -H X + H X + N           (7) 
   The channel response may be estimated at the receiver or assuming it is known at the receiver15. The data symbols 
are reconstructed using maximal ratio combining as 
 

* *
o 1 1 2 2X = H Y + H Y                        (8) 

* *
e 2 1 1 2X = H Y - H Y                        (9) 
2.2. PAPR in MIMO-OFDM 
PAPR is expressed as the ratio of instantaneous peak power to average power of OFDM signal7. In SISO-OFDM, 
PAPR is expressed as 
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While in Alamouti MIMO-OFDM, PAPR is evaluated for the transmit signals from the two transmit antennas and 
is represented by 
2
0 1
2
( )
[ ( ) ]
max i
n N
i
i
x n
PAPR
E x n
d d                     (11) 
where ( )ix n are the discrete time STBC-OFDM signal samples and i=1, 2 denotes the number of antennas. 
     The PAPR of STBC MIMO-OFDM system is defined as9 
^ `
1,2
max                      MIMO OFDM ii
PAPR PAPR            (12) 
 The PAPR of MIMO-OFDM and SISO-OFDM system is measured. The CCDF is taken as a metric for 
evaluating PAPR for both the systems. 
3. PAPR Reduction Schemes 
3.1. Conventional Clipping Technique 
    In Conventional clipping, prior to passing the signal through power amplifier, envelope of the signal is clipped to 
a predefined threshold called clipping level (CL)7. To reduce the PAPR in Alamouti MIMO-OFDM, the clipping 
operation is applied on the OFDM signal as 
( )         if ( )
[ ( )]
        if ( )
i i
i j
i
x n x n CL
C x n
CL e x n CLM
­ d° ® !°¯
                   (13) 
where ( )ix n is the discrete time STBC-OFDM symbol, i=1, 2 represents the transmit antenna and ( )ix nM   is the 
phase angle of ( )ix n . The value of CL depends on clipping ratio (CR) as 
1020log [ ( )]i
CLCR E x n
§ · ¨ ¸© ¹                  (14) 
    Although clipping is the simplest PAPR reduction technique, but it introduces out-of band and in-band distortions 
that degrades the BER performance and results in spectral spreading respectively. However, the in-band distortion 
can be eliminated by oversampling and out-of band distortion can be cured by filtering the clipped signal.  
3.2.  Adaptive Clipping Technique 
   In conventional clipping, peaks in the envelope are clipped based on the CR. For small CR values, the PAPR 
reduction is appreciable but BER degrades severely whereas for large CR values, PAPR as well as BER both 
degrades. To improve the PAPR reduction capability and BER performance of SISO-OFDM systems, an adaptive 
clipping algorithm was analyzed13. The scheme provides better performance in terms of PAPR and BER as 
compared to conventional clipping. The same scheme is proposed here for the PAPR reduction in MIMO-OFDM 
systems. 
    In this scheme, the PAPR is reduced by clipping the successive peaks of OFDM signal in an adaptive manner. 
The adaptive clipping algorithm for MIMO-OFDM signal ( )ix n is as follows 
x Evaluating the peak value: 
    In the first step, the successive peak values of Alamouti coded MIMO-OFDM symbols ( )ix n from both the 
antennas. Here i =1, 2 represents the number of antenna. Consider w1i be the of maximum peak value of the MIMO-
OFDM signal ( )ix n i.e. 
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11 max[ ( ( ))] max[ ( ) ]i i iw abs x n x n                 (15) 
    After that the next peak values of ( )ix n  are evaluated.  Let 2iw be the next maximum peak in the STBC MIMO-
OFDM signal i.e.  
          22 secondmax[ ( ( ))] max[ ( ) ]i i iw abs x n x n                      (16)            
    Similarly, let 3iw  be the third maximum value in the ( )ix n  i.e. 
33 thirdmax[ ( ( ))] max[ ( ) ]i i iw abs x n x n                     (17) 
     and so on, such that: 
  max[ ( ) ] max[ ( ) ] max[ ( ) ] max[ ( ) ]
1 2 3
x n x n x n x ni i i i p! !  !      (18) 
where the subscript p indicates the number of peak values considered in this algorithm. Thus, in this way successive 
peak values are computed. 
x Determining the location of peaks: 
    In the second step, the location of the successive peaks of ( )ix n is determined. Let us denote these locations as 
  1 _ , 2 _ , 3 _ , , _w loc w loc w loc wp loci i i i           (19) 
x Clipping the peaks successively: 
   After having the knowledge of the peaks and their locations in the MIMO-OFDM signal, clipping operation is 
carried out by multiplying the first peak in the MIMO-OFDM signal by a reduction factor (RF) which is basically a 
ratio of lowest peak value of ( )ix n considered (i.e. the p
th peak) iwp  to the respective peak (i.e. first peak in this 
case) 1iw . Similarly, the successive peaks of ( )ix n  are clipped by multiplying each successive peak by a RF 
expressed as 
  
lowest peak value (in consideration) of ( )
     peak of ( )  corresponding to the peak being clipped in ( )   
i
i i
x n
RF
x n x n
§ · ¨ ¸¨ ¸© ¹
    (20) 
    After this, the new MIMO-OFDM signal is constructed and PAPR of this signal is computed. To test this 
algorithm, the MIMO-OFDM system is simulated. To compute RF, ten peak values of MIMO-OFDM signal are 
evaluated and nine peaks are clipped. The modified MIMO-OFDM symbol, after applying modified clipping 
becomes  
10
( 1 _ ) ( 1 _ )*
1
10
( 2 _ ) ( 2 _ )*
2
10
( 9 _ ) ( 9 _ )*
9
i
i i i i
i
i
i i i i
i
i
i i i i
i
w
x w loc x w loc
w
w
x w loc x w loc
w
w
x w loc x w loc
w



 
 
 
               (21) 
    In this scheme each peak is not clipped by a constant amount. The peaks are clipped adaptively depending upon 
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the values of the reduction factor. The simulation results show a significant reduction in PAPR and improvement in 
BER performance as compared to the conventional clipping technique.  
4. Simulation Results 
   In this section, simulations have been done to analyze the PAPR reduction capability and improvement in the BER 
performance of the adaptive clipping technique in Alamouti coded MIMO-OFDM systems. Two transmit antennas 
(Tx) and one receive antenna (Rx) is considered in the simulation. The MIMO-OFDM system is simulated using 
MATLAB software version 8.3.0.532.with N=128 subcarriers, system bandwidth of 20MHz, and 4-QAM and QPSK 
modulations. To judge the performance of the proposed scheme, CCDF and BER for SISO-OFDM and MIMO-
OFDM is evaluated. 
4.1 Complementary cumulative distribution function  
    Since PAPR is a random variable, empirical CCDF is a tool used to evaluate the PAPR reduction achieved. CCDF 
indicates the probability of signal envelope going beyond a particular PAPR threshold J  and is defined as 
CCDF[PAPR( (n))]=Pr{PAPR( (n)) }
                                  = 1- (1- )
i i
N
x x
eJ
J!
                     (22) 
 
    The CCDF for SISO-OFDM system and Alamouti coded MIMO-OFDM system with conventional clipping as 
well as with adaptive clipping is plotted for 4-QAM and QPSK modulation. For OFDM system, N=128 subcarriers 
are used and the CR of 9dB is considered when conventional clipping is applied. For MIMO-OFDM system with 
adaptive clipping, nine peak values are taken in this study. 
    It can be observed from Fig. 2 and Fig. 3, that the PAPR reduction capability of adaptive clipping is better as 
compared to conventional clipping. Also PAPR reduction of around 4 dB is achievable using adaptive clipping 
technique. 
 
    
Fig.2. CCDF Comparison for MIMO-OFDM and SISO-OFDM 
systems with 4-QAM, N=128 subcarriers and CR=9dB. 
 
Fig.3. CCDF Comparison for MIMO-OFDM and SISO-OFDM 
with QPSK, N=128 subcarriers and CR=9dB. 
 
4.2  BER Performance  
    The BER performance comparison of SISO-OFDM and STBC MIMO-OFDM is compared in Fig.4 and Fig.5 for 
4-QAM and QPSK modulations. The COST207 six path typical urban Rayleigh fading channel is used in the 
simulation. The perfect channel estimation is assumed15.  
     It is clear from the BER performance plots that the BER performance of adaptive clipping scheme is comparable 
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with the standard OFDM system. However, the BER performance of conventional clipping scheme slightly degrades 
when CR=9dB. At lower CR values, (e.g. CR=3dB), the conventional clipping results better PAPR reduction than 
that of adaptive clipping, but it leads to increase in the BER as can be observed from Fig.6.  
 
 
Fig.4. BER Comparison of Alamouti MIMO-OFDM and SISO-
OFDM with 4-QAM, N=128 subcarriers and CR=9dB under 
Rayleigh fading channel. 
 
Fig.5. BER Comparison of Alamouti MIMO-OFDM and SISO-
OFDM with QPSK, N=128 subcarriers and CR=9dB under 
Rayleigh fading channel. 
 
 
Fig.6. BER Comparison of Alamouti MIMO-OFDM and SISO-
OFDM with 4-QAM, N=128 subcarriers, CR=3dB under Rayleigh 
fading channel. 
Fig.7. PSD curve comparison of original OFDM signal and clipped 
OFDM signal for 802.11a standard.
 
4.3  Power Spectral Density (PSD) 
   PSD curves for SISO-OFDM, conventionally clipped SISO-OFDM and adaptively clipped SISO-OFDM are 
plotted in Fig.7 for the analysis of in-band and out-of-band spectrum. To study the PSD, two OFDM symbols have 
been considered with specifications of IEEE 802.11a standard i.e. N=64 subcarriers with 52 data subcarriers and 12 
null subcarriers, 16-QAM constellation, cyclic prefix of 16 samples and bandwidth of  20 MHz17. PSD of these 
symbols is averaged over 1000 OFDM symbols. For conventional clipping, CR=3dB is considered and ten peak 
values are taken in adaptive clipping. 
It is clear from the simulation, that the spectral spreading is less in case of proposed adaptive clipping scheme as 
compared to the conventional clipping scheme. 
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5. Conclusion 
 
In this paper, the proposed adaptive clipping technique for PAPR reduction is analyzed for MIMO-OFDM 
systems. It is clear from the simulation results, that adaptive clipping technique shows appreciable reduction in 
PAPR. Although conventional clipping provides better PAPR reduction at lower CR values, but on the other hand it 
results in BER performance degradation due to in-band and out-band distortions. The BER performance of the 
adaptive clipping technique for MIMO-OFDM is comparable to the original MIMO-OFDM system and it is better 
than the conventional clipping at CR=9dB. Simulation results show that a PAPR reduction of around 4 dB can be 
achieved using adaptive clipping algorithm. The PSD curves also show that the conventional clipping leads to in-
band and out-of-band distortions whereas the PSD of adaptive clipping is comparable to the OFDM signal. 
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